. Since intact ovarian function can inhibit tumour production by X-rays (Kaplan, 1950) and by DMBA (Marchant, 1960a) , it is believed that the pituitary hormonal mechanism is also involved in these methods of ovarian tumorigenesis.
However, experiments indicate the possibility that some factors other than mere elevation of gonadotrophins acting on ovarian tissue may normally be concerned in ovarian tumour induction. Parabiosis of intact animals castrated (in order to secure elevated gonadotrophins in the intact partner) rarely gives rise to ovarian tumours alone, but causes elevation of tumour incidence when combined with chemical carcinogen treatment (Bielschowsky and Hall, 1951) or with intrasplenic ovarian grafting (Muiihlbock, 1953) . Also, administration of sufficient testosterone to prevent post-castrational elevation of gonadotrophin levels failed to prevent ovarian tumours developing in irradiated mice (Gardner, 1950; Chang and van Eck, 1952 ).
The present experiments represent initial attempts to distinguish the relative contributions to ovarian tumour production made by DMBA and by pituitary hormones. It is convenient to separate ovarian tumorigenesis by DMBA into at least 2 phases. There is a "preneoplastic" phase involving destruction of follicles and oocytes resulting in premature senility of the ovaries. In mice of the genetic constitution used herein, it is known that follicular destruction is almost complete in about 3 months from commencing fortnightly treatment with DMBA (Marchant, 1959a) . Further degeneration and atrophy continue to occur, but from this time onwards a second phase may, or may not, follow. This is the appearance and growth of tumours of the granulosa-celled type, in numbers steadily increasing with time.
The experiments described below were done to see how the absence of pituitary hormones would affect, first, the whole process of ovarian carcinogenesis by DMBA and, second, affect (a) the induction of the preneoplastic phase by DMBA and (b) the appearance and growth of tumours from preneoplastic ovaries.
MATERIALS, METHODS AND RESULTS
Mice used in these experiments were first generation hybrid females derived from C57BI mothers and IF fathers. They were housed five to a box and fed on rat cubes, known as the Thompson diet (Heygate and Sons) with water ad libitum. The carcinogen treatment consisted of fortnightly skin paintings of 0.5 ml. 0-5 per cent DMBA in olive oil (2-5 mg.).
Hypophysectomy was performed when the mice weighed between 13 and 20 g.
They were given 1 per cent glucose-saline to drink for the first 2 days and were kept at a constant temperature of 80°Fahrenheit thereafter. Hypophysectomised mice were weighed once a week.
Orthotopic ovarian grafting was done using the technique described by Jones and Krohn (1960) . Ovaries were weighed at the time of removal or transplantation. Daily vaginal smears were taken from all mice over lengthy periods of their lives.
At necropsy the condition of ovaries was noted and these were fixed in formolsaline. Sections representative of 3 or 4 different levels through the ovary were examined histologically. Whole-mount preparations of breast tissue were made from some of the mice.
1. The effect of DMBA-treatment of hypophysectomised mice In this experiment mice of 15 to 20 g. were hypophysectomised. Three to 4 weeks later, fortnightly paintings of DMBA were begun.
Results.-After the second fortnightly painting, the animals appeared sick and 9 of 11 died within 2.5 to 5 weeks from the first painting. The cause of death was not ascertained, but it is believed that death was due to the acute toxic effects of DMBA (Shubik and Della Porta, 1957) . There was a weight loss of 2-5 to 7*5 g. All ovaries were very small, weighing about 1 mg. Histologically they were composed of follicle remnants and a small number of follicles with oocytes and granulosa cells, together with theca and stroma. Mature follicles and corpora lutea were absent (Fig. 3) . Vaginal smears were anoestrus.
Owing to the toxic effects of DMBA on hypophysectomised mice, it was decided to make use of transplantation methods to study the effect of hypophysectomy on the separate phases of ovarian carcinogenesis by DMBA.
2(a) The effect of hypophysectomy on the induction of preneoplastic changes in ovaries by DMBA It is known that DMBA-treatment of normal mice will render their ovaries preneoplastic, so that when subsequently transplanted orthotopically into normal mice they will grow into tumours in a high proportion of cases after about 15 months (Marchant, 1959b) . It has since been found that the amount of DMBA treatment (from 1 to 6 paintings) has little effect on the final tumour yield.
Ovaries grafted from untreated mice do not become tumorous (Marchant, 1960b) . In the present experiment it was decided to see whether the absence of a pituitary would prevent DMBA-treatment from rendering ovaries preneoplastic, so that they would be unable to grow into tumours on subsequent transplantation to normal hosts.
Donors.-Hypophysectomised mice were painted twice with DMBA, as in experiment 1. Four weeks from the first painting the ovaries of 14 survivors were removed and grafted orthotopically to untreated mice. At the time of grafting, 13 of the mice had smooth, yellow ovaries weighing 1 mg. or less and anoestrus vaginal smears (Fig. 3) . The fourteenth was judged incompletely hypophysectomised for, at the time of grafting, its ovaries were pink with white spots and vaginal smears showed oestrus cycles. This mouse lived for 56 weeks and eventually more than doubled its weight at "hypophysectomy ". Of the other 13 mice, 6 died 4 to 7 weeks from the first DMBA treatment with a weight loss of 2 to 5 g. The other 7 survived the initial toxic effects of DMBA and lived for 18 to 49 weeks from the first treatment, without gain in weight.
Hosts.-The ovaries from the hypophysectomised DMBA-treated donors were grafted into the ovarian capsules of 13 normal mice 8 or 9 weeks old whose own ovaries were removed. The weight of the hosts' own ovaries at removal was between 2-5 and 7.5 (mean 4.2) mg.
The animals were all killed 15 months after the grafting operation.
Results.-Four of the 13 mice showed no evidence of ovarian tumours. One of these four had an ovarian cyst 5 mm. in diameter, filled with clear fluid, but the ovaries of the other three were about 2 mm. in diameter, composed of large cells filled with ceroid pigment and, in two cases, some "anovular follicles" or "sterile tubules ". Their uteri were normal-sized or thin and vaginal smears were anoestrus at the time of death. Breast ducts showed varying degrees of atrophy and there were no acini present. Three mice had ovaries unequal in size, the bigger being not larger than a normal ovary. These were found to contain small tumour nodules, being otherwise similar to the ovaries of the four mice just described. Their uteri were normal-sized to plump and vaginal smears showed some evidence of suboestrus activity. Breast ducts were variable-fine, normal or dilated-and there were end-buds, terminal acini or acinar clusters.
The other 6 mice had unilateral granulosa-cells ovarian tumours ranging from 4 mm. to 15 mm. in diameter (Figs. 4 to 6 ). Three of them had cysts filled with clear fluid up to 6 mm. diameter in the contralateral ovary. Uteri were variable, with a tendency to cystic hyperplasia. Vaginal smears were also variable, but in 4 of the 6 animals there was evidence of oestrus or suboestrus activity. Breast acini were absent from 2 mice and variable in the other 4.
There seemed to be no definite correlation between the condition of ovaries, uterus and breast tissue, but a general tendency for the mice with larger ovarian tumours to show more cystic hyperplasia of the uterus, evidence of oestrus activity from vaginal smears and greater development of breast acini.
The ovaries from the fourteenth (incompletely hypophysectomised) donor were also grafted into a normal mouse and one grew into a dark red tumour 17 mm. in diameter, weighing about 3 g. It proved to be a pseudofollicular granulosa-cell tumour with cystic spaces, some of which were filled with blood. The uterus was distended with fluid, vaginal smears showed persistent oestrus and breast tissue showed clusters of acini.
2(b)
The effect of hypophysectomy on the development of turnours from ovaries rendered preneoplastic by DMBA It was decided to see whether ovaries from mice which had been treated with DMBA for 3 months would be able to grow into tumours when transplanted orthotopically into hypophysectomised hosts. It is known that a small proportion of such ovaries may be expected to contain incipient tumours (Marchant, 1959a) and that they would be expected to grow into tumours in a high proportion of cases within 15 months of grafting orthotopically to hosts with intact pituitaries. (Marchant, 1959b) .
Donors.-In this experiment 21 mice aged from 3 to 4 months were given 6 fortnightly paintings of DMBA. Three months from the first painting their ovaries were removed, at which time they were fairly smooth and yellowish and the mean weight of 41 ovaries was 3. Fig. 8 (Fig. 2) .
Results.-Of the 21 host mice, 13 survived for 16 months after ovarian grafting, when they were killed and examined for ovarian tumours. The body weights of 4 animals remained static, but in the other 9 there was a gradual increase in weight, commencing about 2 or 3 months after hypophysectomy, indicating probable regeneration of pituitary remnants. Vaginal smears were anoestrus in all but 2 cases and uteri were thread-like. Breast tissue of all animals examined was very atrophic, consisting of very thin ducts branching over a very small area.
Despite the evidence for some pituitary regeneration, no incipient granulosa celled tumours were found in any of the animals of this group. The majority of the ovaries of the 13 surviving hosts were about 1 mm. in diameter, yellow and composed of pigmented cells (Fig. 9 ) and sometimes anovular follicles in addition.
Cysts up to 8 mm. diameter were found in 7 ovaries (Fig. 10 ) and 3 of them contained much blood. In one animal, with increased body weight and long periods of oestrus, the ovaries weighed 6.5 and 7.5 mg. respectively. They were packed with pigmented cells and there were many small follicles with oocytes around the periphery but no corpora lutea.
DISCUSSION
It is evident, from experiment 1 described above, that hypophysectomised mice are extremely sensitive to the toxic effects of DMBA treatment. A similar effect has been found in hypophysectomised rats by J. S. Howell (unpublished) .
It was, therefore, not possible to see how the absence of pituitary hormones would affect the complete process of ovarian tumorigenesis by DMBA. However, from the experiments described herein, and others, it is possible to build up some kind of picture of the relative contributions to ovarian tumorigenesis by DMBA and pituitary hormones.
Ovaries of normal F1 C57B1 x IF mice of about 15 g. body weight weigh about 1.5 mg. They contain many oocytes and follicles in various stages of maturity and atresia and a number of young corpora lutea (Fig. 1) . When such mice are hypophysectomised, they fail to develop any more corpora lutea, and existing ones appear to have been resolved one month later. Atretic follicles are present and there are numerous small follicles with granulosa cells but no mature follicles (Fig. 2) . There is consequent loss of weight of the ovary. Not only does hypophysectomy prevent the maturation of ovarian follicles and thereby prevent formation of corpora lutea, but it also significantly reduces the normal rate of oocyte loss due to atresia (Jones and Krohn, 1961) . However, treatment of hypophysectomised mice with DMBA results in considerable destruction of oocytes and follicles, as shown in Fig. 3 , one month later. Experiment 2 showed that such ovaries are capable of growing into tumours, as seen in Figs. 4 to 6, when transplanted orthotopically to hosts with intact pituitaries. We may conclude that DMBA is able to bring about follicular atresia and to render ovaries preneoplastic in the absence of pituitary stimulation.
Although hypophysectomy did not affect the ability of DMBA to render mouse ovaries "preneoplastic ", it certainly prevented preneoplastic ovaries of intact DMBA-treated animals from developing into tumours when transplanted to hosts whose pituitaries had been removed. The sequence of events in the latter situation can also be followed.
The ovaries of 12 normal F1 C57BI x IF mice aged 6 to 7 months weighed 7-0 to 11.0 (mean 8.6) mg. They were pale pink and studded with bright pink, white or pale yellow spots which represented large follicles and corpora lutea in various stages of maturation. On section, such ovaries are seen to be composed mainly of corpora lutea with some maturing follicles at the periphery (Fig. 7) . Atretic follicles are also present and there are small groups of cells containing accumulations of ceroid pigment (Marchant, 1959a) .
The ovaries of mice of similar age which had just completed 3 months DMBA treatment weighed 2.0 to 6.5 (mean 3.8) mg. They were fairly smooth and yellowish. The previous experiment (Marchant, 1959a) showed, on sectioning such ovaries, an almost complete disappearance of oocytes and developing follicles and some degree of fusion of corpora lutea (Fig. 8) . Atretic follicles were present and in 1 of 20 ovaries an early tumour nodule was found. Grafting of such ovaries orthotopically into mice with intact pituitaries has been shown to result in their development into ovarian tumours in a high proportion of cases within 15 months (Marchant, 1959b) . But, in the present experiment 2b, grafting to hypophysectomised hosts resulted in their atrophy and degeneration (Fig. 9 ).
Cysts were formed in some cases (Fig. 10) but no tumours occurred, although in the majority of cases there was eventually some evidence of regeneration of pituitary fragments. The process of tumour appearance and growth from preneoplastic ovaries was prevented by the absence of an intact pituitary in the host.
It is concluded that the development of ovarian tumours in mice after DMBA treatment may be divided into two distinct phases. The first phase is one of atrophy resulting from an increase in the rate of atresia of oocytes and follicles in the ovary. It is brought about by the action of DMBA and is quite independent of any action of the pituitary. The second phase of tumour development from such ovaries requires pituitary stimulation of some kind. In most DMBAtreated mice pituitary hyper-stimulation would eventually occur as a result of failure of ovarian hormones from the atrophic ovary.
SUMMARY
The effect of hypophysectomy on the induction of ovarian tumours in F1 C57B1 x IF mice treated with 7,12-dimethylbenz(a)anthracene (DMBA) has been studied. The carcinogen proved toxic to hypophysectomised mice. It was possible to show that hypophysectomy did not prevent DMBA treatment from rendering ovaries preneoplastic; ovaries from such mice were able to develop into tumours when grafted orthotopically into hosts with intact pituitaries. On the other hand, preneoplastic ovaries grafted orthotopically from DMBAtreated to hypophysectomised hosts failed to develop into tumours.
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